In an investigation of wild birds, 21 mycoplasma strains that were serologically different from the avian mycoplasma species described previously were isolated (11, 12) . Strains Bb/T2a, Bb/T2b, Bb/T2c, Bb/T2d, Bb/T2e, Bb/T2f, and Bb/T2gT (T = type strain were isolated from buzzards (Buteo buteo), strains H/T1', H/T2, H/T3, H/T4, H/T5, and H/T6 were isolated from saker falcons (Falco chemg), and strains B1/TIT, Bl/T2, Bl/T3, Bl/T4, BlR5, BlR6, Bl/T7, and B1D8 were isolated from griffon vultures (Gypsfilvus). Mycoplasmas were obtained by swabbing tracheae. All birds were held in captivity, the buzzards and saker falcons in a bird sanctuary near Cordoba, Spain, and the griffon vultures in a bird sanctuary in Malaga, Spain. All of the strains were obtained from birds with signs of respiratory disease. In this paper the mycoplasma strains are characterized and compared with previously described sterol-requiring species belonging to the class Mollicutes.
MATERIALS AND METHODS
Isolation and cultivation of mycoplasmas. The tracheae of the birds were swabbed, and the swabs were suspended in 2 ml of medium containing (per 840 ml of double-distilled water) 21 g of PPLO broth base (Difco), 10 g of yeast extract (Difco), 0.2 g of DNA (Sigma), 5 ml of lOOx Eagle vitamin solution (Difco), 2.5 ml of 10% thallium acetate, 0.1 g of p-NAD (Sigma), 0.1 g of L-cysteine hydrochloride (Sigma), lo6 IU of penicillin G, and 150 ml of swine serum. After incubation at 37°C under aerobic conditions for 5 days, the cultures were subcultured on solid media containing 34 g of PPLO agar (Difco) per liter instead of PPLO broth, and the subcultures were incubated for 7 days at 37°C in a moist atmosphere (11). All of the strains were filter cloned three times by using 450-nm-pore-size filters (11).
Morphological studies. The colonies of the mycoplasmas were examined with a stereomicroscope (Leitz). The cellular morphology of the organisms was assessed by dark-field microscopy and transmission electron microscopy of sectioned organisms. Ultrathin sections of organisms were prepared as described previously (9).
Filtration studies. The filterability of the cells was determined by using membrane filters (Millipore) having average pore diameters of 450 and 220 nm.
Reversion experiments. The organisms were subcultured seven times by using liquid or solid medium lacking penicillin or thallium acetate and were incubated aerobically at 37°C. Agar plates and fluid cultures were examined for alterations in the morphology of colonies and cells, respectively.
Sterol requirement. Inhibition of growth was tested by using paper discs that were previously wetted with 5, 10, or 20% sodium polyanetholsulfonate (Liquoid; Roche Diagnostics) or with 1.5% digitonin (Serva) (7). The sterol requirement was determined by using a broth culture technique described previously (9).
Biochemical tests. The glucose oxidase test was performed as described by Edward and Moore (5) . Tests to determine breakdown of glucose, arginine, and urea, reduction of 2,3,5-triphenyltetrazolium chloride and potassium tellurite (aerobically and anaerobically), phosphatase activity, and film and spot production were performed as described by Aluotto et al. (1) .
Hemolysis and hemadsorption. Hemolysis was tested by the overlay technique (1). Hemadsorption was investigated by using the method of Sobeslavsky et al. (13) . Both tests were performed with avian, bovine, equine, human, ovine, porcine, rabbit, and guinea pig erythrocytes.
Preparation of antisera. Antisera against selected and filter-cloned mycoplasma strains were produced in rabbits as described previously (10). The organisms used for to prepare antisera were cultivated in medium lacking thallium acetate but supplemented with 1% glucose (strains isolated from buzzards) or 0.2% arginine (strains isolated from saker falcons and griffon vultures).
Serological tests. A serological comparison of the new mycoplasma isolates with each other and with members of previously described Mollicutes species was performed by using a growth inhibition test (GIT) (3), an indirect immunofluorescence test (IIFT) (4), and an immunobinding assay (IBA) (16). Antisera were used undiluted for the GIT and were diluted 1:50, 1:100, or 1:200 for the IIFT and IBA. For the GIT, plates were inoculated by the running drop method with mycoplasma cultures diluted 1: 100. The serological tests were done in two directions with all of the avian Mollicutes species described previously and all Mycoplasma species having identical biochemical features. The comparison with the other Mycoplasma species and the Entomoplasma, Mesoplasma, and Acholeplasma species was done in only one direction (i.e., reference antisera investigated previously for quality and specificity with the colonies of the type strains of the new species). The antisera and type strains used for serological investigations are listed in Table  1 .
DNA. The G+C contents of DNAs were determined by isopycnic centrifugation of three DNA batches (6).
RESULTS AND DISCUSSION
Morphology and ultrastructure. All of the avian mycoplasma strains tested produced typical fried egg colonies. Figure 1 shows typical colonies of strains Bb/T2g, H/Tl, and Bl/Tl, which were selected as type strains. There were substantial differences in the colony sizes of the strains isolated from buzzards, saker falcons, and griffon vultures. Independent of growth density, the strains isolated from griffon vultures produced large colonies (diameter, >O. 1 mm), the strains isolated from saker falcons produced medium-sized colonies (diameter, 0.05 to 0.1 mm), and the strains isolated from buzzards produced small colonies (diameter, <0.05 mm). Pleomorphic cells were observed in broth cultures by dark-field microscopy and after staining by the Gram technique. Ultrathin sections revealed the trilaminar structure of the cell membrane and the absence of a cell wall (Fig. 2) . The cells of the three strains investigated appeared to be mainly coccoid or round. Filaments or ring forms were not observed.
Filtration characteristics. The following reductions in viable counts after passage through the 450-nm-pore-size filters were observed: from 3.0 x lo9 to 4.1 x lo7 CFU/ml for strain Bb/T2gT, from 4.8 x lo9 to 2.5 x lo6 CFU/ml for strain mlT, and from 6.4 x lo9 to 1.3 x lo7 CFU/ml for strain B1/TIT. The viable counts after passage through 220-nm-ore-size filters were 1.6 x lo3 CFU/ml for strain Bb/T2g , 3.6 x lo4 CFU/ml for strain H/TIT, and 2.8 x lo4 CFU/ml for strain B1/T2T.
.p Reversion studies. Low passages of all isolates were tested for reversion to bacterial forms. No reversion was observed after serial subcultivation in broth or on agar medium lacking bacterial inhibitors.
Sterol requirement. Strains Bb/ ' T. 2gT and B1/TIT were susceptible to the three concentrations of sodium polyanetholsulfonate tested and to 1.5% digitonin; strain H/TIT was susceptible to only 1.5% digitonin. In the cultural tests used to examine the sterol requirement, there was a clear growth response to different concentrations of cholesterol. No growth occurred in medium lacking serum and in the base medium containing 0.5% bovine serum albumin and 10 pg of palmitic acid per ml. There were, however, increasing levels of growth when cholesterol was added at concentrations of 1, 5, 10, and 20 pg/ml to the base medium.
Biochemical tests. All isolates from buzzards, all isolates from saker falcons, and all isolates from griffon vultures were identical in biochemical behavior (Table 2) .
Serological investigations. The results of the GIT, IIFT, and IBA showed that all of the isolates from buzzards were identical to strain Bb/T2gT, all of the strains from saker falcons were identical to strain HTIT, and all of the isolates from griffon vultures were identical to strain B1/TIT. In the serological comparisons no reactions occurred in the GIT, IIFT, and IBA among strains Bb/T2c, I-€/TIT, and B1/TIT. Strains Bb/T2gT, H/TIT, and B l m l were compared with previously described Mycoplasma , Entomoplasma, Mesoplasma, and Acholeplasma species by using the GIT, IIFT, and IBA. Antisera against Mycoplasma cloacale and Mycoplasma cricetuli gave weak reactions with strain B1/TIT in the IBA (l+), and antiserum against M. cloacale also produced weak reactions in the IIFT (1+) and the GIT (inhibition zone size, 0.5 mm). These reactions were significantly weaker than the reactions with the homologous antisera, which produced 3+ reactions in the IIFT and IBA and an inhibition zone size of 5 mm in the GIT. M. cloacale seems to share antigens with other mycoplasmas. Antiserum against M. cloacale also produced weak cross-reactions in the IIFT with Mycoplasma phocacerebrale (8), as well as Mycoplasma bovis, Mycoplasma bovoculi, Mycoplasma collis, Mycoplasma molare, and ovine serovar 7 (2). In the GIT this antiserum also reacted with Mycoplasma lipofaciem, Mycoplasma neurolyticum, and Mycoplasma sualvi (2). There were no positive reactions in the GIT, IIFT, and IBA between antiserum against strain B1/TIT and M. cn'cetuli and M. cloacale strains. No serological reactions were observed in the GIT, IIFT, and IBA between strain Bb/T2gT, H/TIT, or B1/TIT and any of the previously described Mycoplasma , Entomoplasma, Mesoplasma, and Acholeplasma species listed in Table 1 .
DNA base compositions. The G+C contents of strains Bb/T2gT, H/TIT, and B1/TIT were 27.0, 27.5, and 27.1 mol%, respectively. The properties described above for strains Bb/T2gT, H/TIT, and B1/TIT fulfill the criteria (14, 15) for species descriptions of members of the class Mollicutes. A cell wall is absent, and the cells can be filtered through 220-and 450-nm-pore-size membranes, fail to revert to walled bacteria when they are grown in antibiotic-free media, have low G + C contents, are resistant to penicillin, and produce typical fried egg colonies on solid media. The growth requirement for sterol or serum, in conjunction with the lack of helicity, place these organisms in the order Mycoplasmatales and the family Mycoplasmataceae. The inability of the strains to hydrolyze urea mandates assignment to the genus Mycoplasma. Finally, the lack of serological related- IRC  NIH  IRC  NIH  VMR  NIH  NIH  NIH  NIH  IRC  IRC  NIH  IRC  IRC  NIH  IRC  IRC  FCR  IRC  FCR  FCR  IRC  IRC  IRC  IRC  CVA  FCR  IRC  IRC  IRC  IMT  LIRA  IRC  NIH  MRC  IRC  IRC  NIH   svs   NIH  NIH  NIH  IRC  IRC  FCR  FCR  NIH  FCR   svs   NIH  CVM  NIH  IRC  NCTC  NCTC  FCR  NIH  NIH  IRC  IRC  IMT  IRC  FCR  FCR  IRC  IRC   IRC  NIH  IRC  NIH, IMT  VMR  NIH, IMT  NIH, IMT  NIH, IMT  NIH, IMT  IRC, IMT  IRC  NIH  IRC  IRC, IMT  NIH, IMT  IRC  NIH, IMT  FCR  IRC  FCR  FCR  IRC  IRC  IRC  NIH, IMT  IMT  FCR  IRC, IMT  IRC, IMT  IRC, IMT  IMT  LIRA, IMT  IRC  NIH  MRC  IRC  NIH, IMT  NIH, IMT   svs   NIH, IMT  NIH  NIH, IMT  IRC  IRC, IMT  FCR  FCR  NIH  FCR  SVS, IMT  NIH, CVM  CVM, IMT  NIH  IRC  NCTC  NCTC  FCR  NIH  NIH  IRC  IRC, IMT  IMT  IRC, IMT  FCR  FCR  IRC  IRC Con tinued
Bovine serogroup strain 7PG50   NIH  IRC  NIH  IRC  FCR  IMT  IMT  MAFC  FCR  NIH  NIH  IRC  NIH  IRC  NIH  NCTC  FCR  FCR  NIH  GIRA  MIT  IRC  MRC  IRC   FCR  FCR  FCR  FCR  FCR   FCR  FCR  FCR   IRC  IMT  NIH  IMT  NIH  IRC  FCR  MRC  IRC   NIH, IMT  IRC, IMT  NIH  IRC, IMT  FCR  IMT  IMT  MAFC  FCR  NIH, IMT  NIH  IRC  NIH, IMT  IRC, IMT  NIH  NCTC  FCR  FCR  NIH, IMT  GIRA  MIT  IRC  MRC  IRC, IMT   FCR  FCR  FCR  FCR  FCR   FCR  FCR  FCR   IRC, IMT  IMT  NIH, IMT  IMT  NIH, IMT  IRC, IMT  FCR  MRC  IRC, ness of these strains to other Mollicutes species demonstrates that they represent previously unrecognized species. We propose the following names: Mycoplasma buteonis for strain Bb/T2gT, Mycoplasma falconis for strain WIT, and Mycoplasma gypis for strain B1/TIT. The taxonomic descriptions below summarize the properties of the three strains.
Mycophma buteonis sp. nov. Mycoplasma buteonis (bu. te-o'nis L. masc. n. buzzard, buteonis of the buzzard). Cells lack true cell walls and are coccoid or round. Colonies on solid medium usually have a typical fried egg appearance. Chemoorganotroph. Ferments glucose aerobically and anaerobically. Arginine and urea are not hydrolyzed. Reduces tetrazolium chloride and potassium tellurite anaerobically. Film and spot production negative. Does not possess phosphatase activity. Lyses avian, bovine, equine, human, ovine, porcine, rabbit, and guinea pig erythrocytes. Does not adsorb erythrocytes. Cholesterol or serum is required for growth. The optimum growth temperature is 37°C. Serologically distinct from other Mycoplasma species. Isolated from the tracheae of buzzards (B. buteo). The G+C content of the DNA is 27.0 mol%, as determined by isopycnic centrifugation. Isolated from birds with respiratory diseases. Pathogenicity, however, has not been proved. The type strain is strain Bb/T2gT (= ATCC 51371).
Mycophmu falconis sp. nov. Mycoplasma falconis ( fal. co'nis falco L. masc. n. falcon, falconis of the falcon). Cells lack true cell walls and are coccoid or round. Colonies on solid medium have a fried egg appearance. Chemoorganotroph. Does not ferment glucose. Hydrolyzes arginine but Film and spot production negative. Lyses avian, bovine, equine, human, ovine, porcine, rabbit, and guinea pig erythrocytes. Does not adsorb erythrocytes. Cholesterol or serum is required for growth. The optimum growth temperature is 37°C. Serologically distinct from other Mycoplasma species. Isolated from the tracheae and infraorbital sinuses of saker falcons (F. chermg). The G + C content of the DNA is 27.5 mol%, as determined by isopycnic centrifugation. Isolated from birds with respiratory diseases. Pathogenicity, however, has not been proved. The type strain is strain H/TIT (= ATCC 51372).
Mycoplasmu gypis sp. nov. Mycoplasma gypis (gy'pis gyps G. and M.L. n. vulture, gypis M.L. genitive n. of the vulture). Cells lack true cell walls and are coccoid or round. Colonies on solid medium usually have a fried egg appearance. Chemoorganotroph. Does not ferment glucose. Hydrolyzes arginine but not urea. Reduces tetrazolium chloride and potassium tellurite aerobically and anaerobically. Possesses phosphatase activity. Films and spots are produced on agar medium containing 20% horse serum. Lyses avian, bovine, equine, human, ovine, porcine, rabbit, and guinea pig erythrocytes. Does not adsorb these erythrocytes. Cholesterol or serum is required for growth. The optimum growth temperature is 37°C. Serologically distinct from other Mycoplasrna species. Isolated from the tracheae of griffon vultures (G. filvus). The G + C content of the DNA is 27.1 mol%, as determined by isopycnic centrifugation. Isolated from birds with respiratory diseases. Pathogenicity, however, has not been proved. The type strain is strain B1/TIT (= ATCC 51370).
